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1.  INTRODUCTION 

In  a  previous  paper  ^  in  this  Bulletin  a  brief  discussion  of  the 
question  of  inclusions  of  foreign  materials  in  the  silver  voltameter 
deposits  was  given,  together  with  a  short  resume  of  other  papers 
on  this  subject  and  a  few  experiments  which  had  been  made  at 
the  Bureau  of  Standards.  It  was  pointed  out  that  in  so  far  as 
the  international  ampere  is  concerned  the  value  assigned  to  the 
electrochemical  equivalent  of  silver  by  the  London  conference 
has  been  generally  accepted  by  the  various  national  laboratories 
as  applying  to  the  silver  as  we  find  it  deposited  in  the  voltameter 
without  reference  to  any  inclusions  that  it  may  contain.     This  is 

1  The  Silver  Voltameter,  Part  IV,  by  Rosa,  Vinal,  and  McDaniel.     This  Bulletin,  10,  p.  516,  Reprint 
No.  220. 
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not  a  serious  matter,  because  the  uniformity  of  the  results  obtained 
by  the  national  laboratories  working  together  indicated  that  the 
inclusions  must  be  very  small  or  very  constant  in  amount,  and 
the  international  committee  was  enabled  to  fix  the  voltage  for 
the  Weston  normal  cell  with  sufficient  accuracy  for  present  pur- 
poses. But  it  was  also  stated  in  the  reference  mentioned  above 
that  it  is  important,  if  possible,  to  eliminate  any  error  due  to  the 
inclusions  in  order  that  we  may  know  what  deviation  there  is,  if 
any,  from  the  value  assigned  to  the  electrochemical  equivalent 
of  silver  (i . 1 1 800  mg  per  coulomb) . 

The  earliest  experiments  of  the  Bureau  on  the  inclusions  in  the 
silver  were  few  in  number  and  were  not  considered  conclusive. 
Only  one  deposit  was  heated  to  incandescence,  and  that  was  from 
an  electrolyte  in  which  impurities  were  purposely  introduced. 
Its  result  had,  therefore,  no  significance  so  far  as  the  value  derived 
for  the  Weston  normal  cell  was  concerned,  since  only  pure  elec- 
trolytes were  used  for  that  purpose. 

We  have  now  carried  out  at  the  Bureau  some  further  experi- 
ments, principally  to  determine  the  loss  of  weight  of  the  deposits 
when  heating  them  to  temperatures  of  600°  or  more.  These  will 
be  recorded  in  the  present  paper,  and  also  a  few  experiments 
bearing  on  the  question  of  the  anode  liquid. 

Richards  and  Anderegg  ^  have  recently  made  determinations  of 
the  inclusions  of  foreign  material  in  the  silver  deposits.  They 
found  the  inclusions  in  their  deposits  to  be  very  variable  and 
large  enough  to  be  a  serious  source  of  error  in  the  silver  voltameter 
determinations.  They  recommended  as  a  safe  and  convenient 
method  for  determining  these  inclusions  that  the  platinum  cups 
containing  deposits  should  be  heated  to  dull  redness  in  a  flame 
and  reweighed.^  The  resulting  loss  in  weight  they  attributed  to 
the  expulsion  of  foreign  material  in  the  deposit.  We  have 
repeated  this  part  of  their  work,  and  we  have  extended  the 
experiments  to  include  comparisons  with  the  effect  when  similar 
deposits  are  heated  in  an  electric  furnace.     Van  Dijk  ^  has  pre- 

2  J.  Am.  Chem.  Soc,  37,  p.  15;  1915. 

3  Essentially  the  same  method  has  been  previously  described  and  used  by  Lord  Rayleigh  and  Mrs.  Sedg- 
wick, Phil.  Trans.,  175,  p.  430,  1884;  Jaeger  and  von  Steinwehr,  Zs.  f.  Instrk,  28,  p.  354,  1908;  Boltzmann, 
Sitzber.  Akad.  Wiss.,  Wien,  IIA,  121,  p.  1060,  1912. 

4  Ann.  d.  Phys.,  19,  p.  263;  1906. 
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viously  used  a  furnace  for  this  purpose.  Our  furnace  was  consid- 
erably larger  than  his,  so  that  we  could  heat  our  regular  platinum 
cathodes  in  it. 

We  foimd  the  losses  on  glowing  the  deposits  to  be  only  0.004 
per  cent  on  the  average  and  fairly  constant.  We  also  found  that 
both  these  methods  of  heating  the  deposits  are  subject  to  a  source 
of  error.  In  order  to  drive  the  inclusions  out  of  the  deposited 
silver  a  temperature  of  about  600°  has  been  used,  and  there  is 
necessarily  more  or  less  alloying  of  the  silver  with  the  platinum 
cup.  On  removing  this  silver  there  is  left  behind  a  stain  of 
platinum  black.  This  may  be  so  slight  as  to  be  hardly  notice- 
able, but  if  deposits  are  made  without  entirely  removing  the 
stains  the  deposited  silver  does  not  accurately  represent  the 
quantity  of  electricity  that  has  passed  through  the  voltameter, 
and  if  such  a  deposit  is  heated  to  dull  redness  the  observed  loss  in 
weight  depends  more  on  the  loss  of  adsorbed  material  from  the 
platinum  black  than  on  the  expulsion  of  inclusions  from  the 
deposited  silver.     This  source  of  error  was  not  mentioned  by 

previous  observers. 

2.  APPARATUS  EMPLOYED 

The  electric  furnace  was  designed  and  built  by  Prof.  G.  A. 
Hulett  for  this  work  and  we  are  greatly  indebted  to  him  for  the 
use  of  it.  It  was  constructed  from  a  glazed  porcelain  beaker  and 
the  heating  coils  of  nichrome  wire  were  wound  not  only  on  the 
sides  and  bottom  but  there  was  also  a  heating  coil  in  the  porcelain 
cover  in  order  to  provide  as  uniform  a  temperature  inside  as  possi- 
ble. Temperature  measiurements  were  always  made  by  a  platinum 
platinum-rhodium  thermocouple  which  had  been  calibrated  at 
this  Bureau.  The  thermocouple  passed  into  the  furnace  through 
a  porcelain  tube  in  the  center  of  the  cover.  The  outside  of  the 
furnace  consisted  of  two  concentric  hollow  cylinders  of  metal 
and  asbestos.  The  double  air  space  thus  provided  gave  ample 
heat  insulation  to  make  the  furnace  efficient  for  temperatures  not 
exceeding  750°  C.  The  top  of  the  furnace  was  of  glazed  porcelain 
rings,  one  of  which  supported  the  interior  parts.  The  outside 
dimensions  of  the  furnace  are  21  cm  diameter  by  27  cm  high  and 
the  inside  dimensions  are  9  cm  diameter  by  16  cm. 
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The  platinum  cups,  one  at  a  time,  were  lowered  into  the  furnace 
with  platinum-tipped  tongs  and  rested  on  a  network  of  platinum 
wires  woven  in  a  perforated  porcelain  plate.  The  cups  were 
covered  with  glazed  porcelain  crucible  covers  to  prevent  the  acci- 
dental falling  of  any  particles  into  them  when  putting  the  ther- 
mocouple in  place.  The  electric  current  was  applied  gradually 
by  steps  of  i  ampere  at  intervals  of  a  few  minutes  until  the  maxi- 
mum current  of  7.7  amperes  was  reached.  After  each  heating  the 
furnace  was  allowed  to  cool  to  about  300°  before  opening  it. 

The  furnace  was  designed  with  a  view  of  avoiding  the  difficul- 
ties of  metal  contamination  sometimes  encountered  with  platinum- 
wound  furnaces.^  To  test  this  an  empty  platinum  cup  was  heated 
four  times  and  weighed  after  each  heating  with  the  results  given 

in  Table  i . 

TABLE   1 


Date 


Weight  of 
cup 

A 

g 

mg 

38.  496887 

-0.  024 

942 

+  .031 

897 

-  .014 

897 

-  .014 

932 

+  .021 

38.  496911 

±  .021 

Treatment  of  cups 


1915 
July  23 

July  24 

July  26 

Mean 


Washed  and  dried  at  160' 
Heated  to  650°. 
Heated  to  648°. 
Heated  to  646°. 
Heated  to  648°. 


Each  of  the  five  determinations  given  in  Table  i  is  subject  to 
the  same  experimental  error  in  so  far  as  the  weighings  are  con- 
cerned. Since  the  deviations  are  by  small  amounts,  the  results 
show  that  the  heating  to  a  high  temperatiu-e  was  without  effect  on 
the  weight  of  the  cup. 

For  heating  by  the  flame  method  the  platinum  cups  were  supported 
on  a  quartz  triangle  and  covered  with  a  small  glazed  porcelain 
evaporating  dish.  The  room  was  darkened  and  the  cup  heated 
quickly  and  as  uniformly  as  possible  to  a  very  dull  red  with  a 
Bunsen  burner  held  in  the  hand.  We  made  a  number  of  determi- 
nations on  empty  platinum  cups  to  determine  the  effect  of  heating. 
The  following  results,  Table  2,  give  the  weight  after  each  heating 
to  about  600°  C : 


6  Proc.  Am,  Acad.  Sci.,  38,  p.  460;  1903. 
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Date 

Weight 

of  large 

cups 

A 

Weight 

of  small 

cups 

A 

Treatment  of  cups 

1915 
Tune  10    

80.  293412 
404 

mg 

+0.  004 
-  .004 

g 
38.  495585 
579 

mg 

+0.003 
-  .003 

Washed,  dried,  and  glowed. 

Heated  to  dull  redness. 

Mean 

80.  293408 

±  .004 

38.  495582 

±  .003 

jtinell 

80.  293183 
113 
082 
083 

111    + 

38.  494855 
805 
788 
786 

+  .047 

-  .003 

-  .020 

-  .022 

Washed  and  dried  at  160". 

June  12    .  ^.. 

Heated  to  dull  redness. 
Do. 
Do. 

Mean      

80. 293115 

±  .034 

38.  494808 

±  .023 

Average  A's  of  both  sets 

±  .024 

±  .017 

The  results  of  Table  2  show  very  little  change,  if  any,  in  the 
weight  of  the  empty  cup  due  to  heating  them  to  redness.  In  all 
the  succeeding  work  the  empty  cups  were  glowed  each  time  before 
weighing  them. 

When  heating  the  cups  with  silver  deposits  to  dull  redness,  the 
porcelain  dish  serving  as  a  cover  for  the  cup  was  examined  for 
any  traces  of  volatilized  silver,  but  none  was  ever  seen  nor  was 
any  foimd  by  chemical  tests.  During  the  heating  process  the 
observer  listened  for  the  "series  of  small  explosions"  mentioned 
by  Richards  and  Anderegg,^  but  this  phenomenon  was  never 
observed. 

The  silver  voltameters  were  the  same  instruments  as  used  in  the 
previous  work  at  the  Bureau  of  Standards  together  with  the  volta- 
meters previously  used  in  the  Princeton  laboratory.  To  these 
were  added  two  silver  cups  identical  in  size  and  shape  with  the 
Princeton  platinum  cups.  It  has  generally  been  thought  impos- 
sible in  the  past  to  use  silver  cups,  partly  because  the  deposit  can 
not  readily  be  removed  and  the  cup  restored  to  its  original  condi- 
tion and  partly  because  of  inconstancy  of  weight  when  heated. 
Both  of  these  objections  were  mentioned  by  Lord  Rayleigh.^ 
Recently  it  has  been  foimd  in  the  work  at  Princeton  that  silver 
deposited  on  highly  polished  silver  may  be  scraped  off  with  the 
greatest  ease,  although  it  adheres  sufficiently  well  for  the  usual 


s  1,0c.  cit.,  p.  9. 


7  Phil.  Trans.,  175,  p.  431;  1884. 
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washing  operations.  The  deposit,  after  being  washed,  was  scraped 
down,  while  still  wet,  with  a  small  silver  *'  hoe."  This  has  afforded 
a  ready  means  of  determining  the  inclusions  between  the  crystals 
and  the  cup  and  of  saving  deposits  for  further  examination  for 
inclusions.  Prof.  Hulett  has  kindly  permitted  us  to  make  use 
of  his  silver  cups  in  this  way. 

The  electrolytes  used  in  these  experiments  were  generally  of  a 
very  high  degree  of  purity  and  the  silver  nitrate  was  prepared 
either  by  the  methods  ^  previously  described  by  the  Bureau  or  by 
the  Princeton  method.  The  electrolyte  was  always  tested  for  its 
acidity  and  for  reducing  agents. 

The  cups  were  weighed  on  the  same  balances  described  by 
Rosa  and  Vinal,^  but  these  balances  were  moimted  in  a  new 
balance  room,  similar,  however,  to  that  used  before. 

3.  THE  ALLOYING  OF  SILVER  AND  PLATINUM 

Nearly  all  the  previous  observers  who  have  tried  heating  the 
silver  deposits  have  mentioned  the  alloying  of  the  silver  and 
platinum  at  a  temperature  corresponding  to  dull  red,  and  Van 
Dijk  ^^  has  described  the  black  stain  left  on  the  platinum  cup 
after  the  silver  has  been  removed.  Others  have  not  mentioned 
this,  probably  because  the  stain  was  almost  invisible  if  the  alloy- 
ing was  slight.  None  of  the  previous  authors  seem  to  have  been 
aware  of  the  significance  of  this  alloying  and  of  the  black  stain; 
for  example,  Richards  and  Anderegg  ^^  say,  ''Such  heating  slightly 
alloys  the  two  metals  *  *  ^.  This  complication,  of  course, 
has  not  the  slightest  effect  upon  the  quantitative  experiment." 

Time,  as  well  as  temperature,  is  a  very  important  factor  in 
alloying.  Rapid  heating  to  a  given  temperature  for  a  short  time 
may  produce  little  effect,  but  it  becomes  very  pronounced  as  the 
time  of  heating  is  increased,  as  we  found  on  using  the  electric 
furnace.  A  cup  heated  to  625°  for  30  minutes  in  the  furnace  was 
much  more  alloyed  than  a  similar  cup  heated  to  675°  in  the  same 
furnace  and  immediately  allowed  to  cool. 

8  This  Bulletin,  9,  p.  537  (Reprint  No.  201);  Trans.  Am.  Electrochem.  Soc,  22,  p.  372,  1912. 

9  This  Bulletin,  9,  p.  174  (Reprint  No.  194)- 

I''  Arch.  Neer.  des.  Sci.  H,  10,  p.  277,  1905;  Ann.  d.  Phys.,  19,  p.  265,  1906. 
11 1,0c.  cit.,  p.  15. 
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When  the  deposits  are  removed  from  the  alloyed  cups  by  elec- 
trolysis or  nitric  acid,  a  brown  stain  remains  on  the  platinum  if 
the  cups  have  been  heated  for  only  a  short  time  with  the  flame,  or 
a  heavy  dark  brown  or  black  stain  in  the  case  of  cups  heated  for 
a  longer  time  in  the  furnace.  We  were  unable  to  remove  this 
stain  completely  by  scrubbing  without  a  considerable  abrasion  of 
the  platinum  surface,  and  it  persisted  even  after  the  cups  were 
carefully  washed  and  dried  at  160°.  If  the  cups  were  heated  to 
bright  redness  in  a  Bunsen  flame,  the  slight  stains  completely 
disappeared,  but  their  capacity  to  make  trouble  was  only  slightly 
lessened.  Early  in  our  work  we  found  that  this  change  in  color 
from  brown  or  black  to  gray  was  accompanied  by  a  marked 
change  in  weight  of  the  cup.  This  change  in  weight  may  be  as 
small  as  one  or  two  tenths  of  a  milligram  in  the  case  of  cups  that 
have  been  very  slightly  alloyed,  or  it  may  amount  to  milligrams 
in  case  of  heavily  alloyed  cups.  The  following  figures  give  the 
change  in  weight  as  we  have  observed  it  for  a  few  cases. 

TABLE  3 

Change  in  Weight  Due  to  Glowing  a  Cup  Stained  by  the  Alloying  of  Silver  and  Platinum 
After  Cleaning  and  Drying  at  160°  C 


Date 


Loss  in 
weight 


Character  of  stain 


1915 
July  27 

August  6 

September  23 

October  2 


mg 

0.180 
.220 
.672 
.643 
1.083 
4.89 


Very  slight  brown  stains. 

Do. 
Brown  stains. 

Do. 
Brown  stains  rather  prominent. 
Heavy  black  stain. 


The  cause  of  this  phenomenon  seems  to  be  the  expulsion  of 
adsorbed  material  in  the  brown  or  black  stains.  These  stains  we 
believe  to  be  platinum  black.  The  nature  of  this  material  adsorbed 
by  the  platinum  black  has  not  yet  been  determined,  but  experi- 
ments will  shortly  be  made  to  identify  it.  The  disappearance  of 
the  stains  when  heated  was  more  apparent  than  real  since  the 
platinum  black  was  converted  into  platinum  gray,  and  was  there- 
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fore  hardly  visible  on  the  gray  surface  of  the  platinum  cup  itself. 
The  black  stains  show  their  marked  catalytic  power  when  brought 
in  contact  with  hydrogen  peroxide.  Even  in  cases  when  the 
alloying  has  been  so  slight  that  the  platinum  black  stains  are 
invisible  we  have  found  that  the  actual  presence  of  the  stains 
can  be  shown  by  making  a  test  with  peroxide.  In  this  test  the 
peroxide  was  made  to  cover  both  platinum  black  and  the  bare 
platinum  surface  of  the  cup  at  the  top.  The  bubbles  formed 
quickly  in  the  platinum  black  region  and  not  noticeably  over  the 
bare  platinum.  There  was  a  sharp  line  of  demarcation  between 
the  decomposing  peroxide  and  the  remainder  at  the  point  where 
the  top  of  the  silver  deposit  had  been.  We  have  also  tried  this 
experiment  on  a  cup  which  had  been  heavily  alloyed  by  heating 
in  the  fimiace,  and  in  this  case  we  found  that  the  prominent 
brown  stains  caused  a  great  evolution  of  bubbles  in  the  peroxide. 
In  another  case  the  platinum  black  stains  which  had  been  con- 
verted into  platinum  gray  by  glowing  the  cup  were  tested.  Here 
the  effect  was  much  less  marked  than  in  a  companion  cup  which 
had  been  similarly  treated  in  every  way  except  that  it  had  not 
been  glowed.  We  think  this  indicated  that  the  stains  were  really 
platinum  black. 

In  the  case  of  moderately  alloyed  cups  with  polished  inner 
surfaces  the  brown  stains  often  showed  the  position  and  size  and 
shape  of  each  individual  crystal  of  silver.  But  as  the  alloying  was 
increased  by  longer  heating  it  was  possible  to  see  the  alloy  spread 
out  into  the  spaces  between  the  crystals  of  silver,  so  that  when  tke 
silver  was  removed  the  brown  stains  had  merged  together,  forming 
one  continuous  stain  all  over  the  inner  surface  of  the  cup.  We 
have  examined  these  stains  under  a  high-power  microscope  and 
found  them  to  be  essentially  a  surface  phenomenon. 

It  seemed  desirable  to  investigate  the  change  in  weight  of  this 
platinum  black  in  its  relation  to  temperature,  and  therefore  we 
heated  a  cup  to  successively  higher  temperatures,  weighing  it 
between  each  heating.  As  a  trial  we  washed  and  weighed  it  three 
times,  heating  it  to  151°  to  see  how  well  the  weighings  might  be 
expected  to  repeat  themselves.  The  cup  contained  only  a  medium 
amount  of  the  stain  and  was  not  an  extreme  case. 
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Weight  of  cup 

minus 
counterpoise 

Tempera- 
ture 

Decrease 

in 

weight 

Remarks 

mg 
+0.  276 
+  .236 
+  .247 
-f  .123 
+  .044 

-  .660 

-  .718 

-  .830 

Total 

"C 

151 
151 
151 
231 
400 
600 

,      660 
760 

mg 

Heated  in  electric  oven. 

Do. 

Do. 

Do. 
Heated  in  electric  furnace. 
Heated  in  electric  furnace.    (Color  changed  to 
gray.) 

Do. 
Heated  in  flame,  temperature  estimated . 

0.130 
.079 
.704 

.058 
.112 

1.083 

These  results  are  shown  graphically  in  Fig.  i . 

We  next  considered  the  question  of  the  effect  this  layer  of  plati- 
num black  or  platinum  gray  has  upon  the  silver  deposited  and 
what  role  it  played  in  the  determination  of  the  inclusions  by  the 
method  of  heating  as  advocated  by  Lord  Rayleigh  and  later  by 
Richards.  From  the  above  results  we  concluded  that  a  cup  con- 
taining a  trace  of  platinum  black,  on  which  silver  has  been  depos- 
ited, if  heated  to  dull  redness,  will  show  a  loss  in  weight  that  can 
not  properly  be  assigned  to  the  liberation  of  inclusions  in  the  silver 
alone.  Yet  all  previous  observers,  with  little  or  no  precautions  to 
insure  against  the  presence  of  the  platinum  black,  have  assumed  the 
observed  loss  in  weight  to  represent  the  liberated  inclusion  from 
the  silver  deposit.  It  is  also  obvious  that  if  the  platinum  black 
is  present,  the  losses  observed  when  making  determinations  of  the 
inclusions  by  heating  will  be  found  to  be  very  variable  and  their 
magnitude  will  depend  upon  the  amount  of  platinum  black  present 
and  its  previous  heat  treatment.  On  the  other  hand,  if  the  cup 
has  been  glowed  before  making  the  deposit  of  silver,  so  that  the 
platinum  black  is  converted  to  platinum  gray,  it  is  less  probable 
that  subsequent  heating  of  the  silver  deposit  will  show  large  or 
variable  losses  in  weight.  We  have  made  a  special  test  of  this 
point  in  the  case  of  two  cups  both  coated  with  platinum  black  from 
previous  alloying  with  silver.     One  of  these  was  glowed  before 
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Fig.  I. — Shows  loss  in  weight  of  platinum  cup  containing  a  stain  of  platinum  black, 
as  the  cup  was  heated  to  successively  higher  temperatures.  Between  400°  and  600° ,  where 
the  greatest  loss  occurred,  the  platinum  black  changed  in  color  to  gray 
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making  the  deposit  of  silver  and  the  other  was  treated  in  the  usual 
way;  that  is,  washed  and  dried  at  160°.  Aside  from  the  question 
of  relative  weights  of  the  two  deposits,  which  will  be  discussed 
further  on,  we  give  here  the  observed  losses  in  weight  when  the 
two  cups  with  identical  deposits  were  heated : 

Cup  that  had  been  glowed  before  making  the  deposit  lost 

0.06  mg. 
Cup  that  had  not  been  glowed  lost  4.89  mg. 

This,  of  course,  is  an  exaggerated  case,  but  shows  the  possibility 
of  error  in  the  assumption  made  by  previous  observers  as  men- 
tioned on  page  155. 

We  concluded  that  if  the  cup  has  been  thoroughly  glowed  pre- 
vious to  making  the  deposit  that  a  subsequent  determination  of 
the  inclusions  will  represent  fairly  the  change  in  weight  of  the 
deposit.  For  if  we  take  the  mean  of  13  determinations  given  in 
Table  6,  in  which  the  cup  contained  a  small  amount  of  platinum 
black  previously  glowed,  and  compare  it  with  12  determinations 
made  with  cups  which  were  entirely  free  from  the  platinum  black 
or  platinum  gray  before  making  the  deposit,  we  find  the  difference 
in  estimated  inclusions  to  be  only  0.0006  per  cent,  which  is  within 
the  experimental  error. 

4.  EFFECT  OF  ALLOYING  ON  THE  AMOUNT  OF  SILVER  DEPOSITED 

The  first  intimation  which  we  had  that  the  presence  of  platinum 
black  or  platinum  gray  in  the  voltameter  would  cause  serious 
errors  in  the  quantity  of  silver  deposited  was  in  an  early  experi- 
ment when  two  cups  that  had  been  heavily  alloyed,  but  subse- 
quently glowed,  showed  deposits  more  than  2  mg  lighter  than 
the  other  cups.  It  was  this  experiment  that  first  suggested  the 
nature  of  the  stains  on  the  platinum  and  led  us  to  experiment  with 
them.  Since  then  we  have  made  special  experiments  to  deter- 
mine the  general  effect  of  previous  alloying  of  the  cups  on  subse- 
quent deposits  of  silver. 
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Effect  of  Platinum  Black  and  Platinum  Gray  on  the  Mass  of  Silver  Deposited  (Deposits 

Dried  at  160°) 


Date 

Cup 

Deposit 

Condition  of  the  cup 

1915 

mg 

August  12 

38 
27 

4249.  23 
4249. 19 

Normal  voltameter;  no  alloy. 
Platinum  black  removed  by  aqua  regia. 

28 

4250.  61 

A  heavy  layer  of  platinum  black. 

August  18 

93 

4207.  80 

Normal  voltameter;  no  alloy. 

92 

4207.  33 

Slightly  alloyed  and  glowed. 

27 

4207.  68 

Platinum  black  removed  by  aqua  regia. 

39 

4207.  49 

Slightly  aUoyed  and  glowed. 

I 

4207.  58 

Platinum  black  removed  by  aqua  regia. 

n 

4207.  64 

Do. 

October  2 

27 

4233.  03 

Alloyed  and  glowed;  platinum  gray. 
Heavy  layer  of  platinum  black. 

28 

4234.  35 

38 

4233.  58 

Normal  voltameter;  no  alloy. 

It  thus  appears  that  a  cup  that  had  been  alloyed,  and  hence 
contams  the  platinum  black  stains,  gave  an  apparently  heavier 
deposit  than  normal  if  it  had  not  been  glowed  or  a  lighter  deposit 
than  normal  if  it  had  been  glowed  previously  to  making  the 
deposit.  This  was  not  understood  at  first,  since  we  thought  that 
the  light  weight  of  the  deposit  might  be  due  to  the  catalytic  effect 
of  the  platinum  gray  on  the  hydrogen  ions  present  in  the  solution, 
and  it  was  therefore  expected  in  the  experiment  of  August  1 2  that 
cup  No.  28  would  show  a  still  lighter  deposit.  As  a  matter  of 
fact,  the  deposit  was  much  too  heavy  and  this  was  confirmed  by 
the  same  cup  in  the  experiment  of  October  2.  The  difficulty  was 
explained  when  we  heated  cups  Nos.  27  and  28  of  the  last  experi- 
ment to  a  dull  red. 

No.  27  lost  0.060  mg. 
No.  28  lost  4.89. 

That  is,  the  deposit  in  No.  28  was  in  reality  much  the  lightest 
although  apparently  heavy  owing  to  material  probably  adsorbed 
by  the  platinum  black. 

Careful  measurements  of  the  acidity  of  the  electrolyte  were 
made  and  checked  for  the  experiment  of  October  2.  It  was  found 
that  the  acidity  increased  considerably  in  the  case  of  the  cup 
with  platinum  black,  somewhat  less  for  the  cup  with  platinum 
gray,  and  none  at  all  for  the  standard  cup. 
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The  acidities  were  as  follows : 

Initial  acidity  of  electrolyte  7  X  lO"®  acid 

Final  acidity  No.  27,  platinum  gray  10 X  lo"®  acid 
Final  acidity  No.  28,  platinum  black  15X10-^  acid 
Final  acidity  No.  38,  normal  cup  6X10-®  acid 

The  Table  5  shows  that  when  the  platinum  cup  containing  the 
platinum  black  is  cleaned  with  cold  concentrated  aqua  regia  and 
rubbed  the  deposits  are  in  agreement  with  those  in  cups  which 
have  never  been  alloyed  with  silver.  This  cleaning  process,  how- 
ever, removes  a  considerable  amount  of  the  platinum.  In  exag- 
gerated cases  this  is  as  much  as  a  gram.  For  this  reason  it  appears 
doubtful  whether  a  moderate  amount  of  scrubbing  would  suffice 
for  the  complete  elimination  of  the  platinum  black.  Richards 
and  Ander egg,  for  example,  mention  scrubbing  the  cups  and  say 
that  the  crucibles  lost  a  few  tenths  of  a  milligram  each  time.  Our 
work  would  lead  us  to  expect  a  much  greater  loss  than  this  if  the 
platinum  black,  even  for  only  a  slight  alloying,  be  entirely  removed. 

Cleaning  the  cups  in  this  way  is  inconvenient  and  destructive 
to  the  cup.  We  do  not  find  it  necessary  to  make  inclusion  deter- 
mination for  every  deposit  of  silver  and  to  do  so  would  speedily 
ruin  the  platinum  cups. 

5.    ESTIMATION    OF    INCLUSIONS    IN    DEPOSITS    FROM    PURE 
ELECTROLYTES 

Table  6  shows  the  observed  losses  in  weight  of  deposits  from 
pure  electrolytes,  the  purity  being  judged  by  the  standards  of 
purity  previously  published  by  the  Bureau.^^  All  such  deposits 
which  were  heated  according  to  the  method  described  by  Richards 
and  Anderegg  are  included  in  this  table.  In  no  case  was  platinum 
black  present,  but  in  some  cases  slight  amounts  of  platinum  black 
had  been  converted  over  into  platinum  gray  before  making  the  de- 
posits. This  is  immaterial,  as  we  showed  on  page  157,  but  these 
cases  are  noted  in  the  table.  All  deposits  which  were  heated  in  the 
electric  furnace  are  also  included  in  the  table  with  the  exception  of 
two  in  the  experiment  of  July  20.  For  imknown  reasons  these  were 
discordant  with  all  the  other  results  of  the  table,  and  they  are 
therefore  omitted.  If,  however,  they  had  been  included  they 
would  have  affected  the  mean  result  by  only  0.0005  per  cent. 

12  This  Bulletin,  9,  p.  524  Reprint  No.  201. 
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TABLE  6 
Estimation  of  Inclusions  by  Heating  the  Deposits 
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I  Method 
Cup  of 

(  heating 


Tem- 
pera- 
ture 


Num- 
ber of 
heat- 
ings 


Total 
loss  in 
weight 


Percent- 
age 
loss  in 
weight 


Platintun 

gray 
present 
or  not 


Remarks 


1915 
June  14 . . . 

June  16... 
June  24... 


July  9. 


July  20. 


August  9.. 
August  18. 


October  2. 


October  13. 


Means 


Deg.C 


95  I  Flame. 


92 


95 


...do 

...do 

...do 

...do 


.do. 


..do... 
..do... 


...do. 


...do...., 
Furnace. 

...do 

...do...., 


..do 

Flame... 


625 
625 
625 


625 


..do 

Furnace. 

-.do 

Flame... 
Furnace. 

..do 

..do 

Flame... 


623 
623 


625 
630 
625 


...do., 
do.. 


0.130 


,186 
,220 
,300 
,181 


129 


.205 
.279 


+  .007 


.013 
.048 
.028 
.166 


115 
161 


.116 
.322 
.254 
.333 
.240 
.111 
.169 
.060 


.251 
.238 


0.0032 


.0045 
.0055 
.0075 
.0041 


,0029 


.0047 
.0064 


+  .0002 


.0003 
.0011 
.0007 
.0040 


.0028 
.0037 


.0027 
.0073 
.0058 
.0079 
,0057 
,0026 
,0039 
,0014 


,0057 
0054 


.0040 


No. 

No. 
Yes 
Yes 
Yes 

No. 

No. 
No. 

Yes 

Yes 
Yes 
Yes 
No. 

No. 
Yes 

Yes 
Yes 
Yes 
Yes 
No. 
No. 
No. 
Yes 

No. 
No. 


Silver  nitrate  prepared 
by  Bureau  of  Stand- 
ards methods. 

Do. 

Do. 

Do. 
Silver  nitrate  as  pur- 
chased not  quite 
pure. 
Silver  nitrate  prepared 
by  Bureau  of  Stand- 
ards methods. 

Do. 
Silver  nitrate  as  pur- 
chased not  quite 
pure. 
Silver  nitrate  prepared 
by  the  Princeton 
method. 

Do. 

Do. 

Do. 
Silver  nitrate  prepared 
by     the     Princeton 
method  (cup  not  pre- 
viously glowed). 

Do. 
Silver  nitrate  prepared 
by     the     Princeton 
method. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Silver  nitrate  prepared 
by  Bureau  of  Stand- 
ards methods. 

Do. 

Do. 


o  Average  deviation  of  a  single  observation,  ±o.ooi8  per  cent;  probable  error,  0.0015  per  cent  for  single 
observation;  probable  error,  0.0003  per  cent  for  mean  result.  Percentage  loss  in  weight,  mean  flame  de- 
terminations, 0.0041  per  cent;  percentage  loss  in  weight,  mean  furnace  determinations,  0.0038  per  cent. 
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The  inclusions  expelled  by  heating  the  silver,  therefore,  seem  to 
be  about  0.004  P^^  cent.  Richards  and  Anderegg  ^^  apply  a  correc- 
tion of  6  per  cent  for  the  solids  they  estimate  to  remain  from  the 
inclusions,  but  6  per  cent  of  0.004  per  cent  is  too  small  to  consider. 

It  is  interesting  at  this  point  to  compare  the  results  which  have 
previously  been  obtained  by  methods  similar  to  those  used  in 
this  paper.  We  give  in  Table  7  an  analysis  of  earlier  results  com- 
pared with  our  own.  In  general,  these  results  had  to  be  computed 
from  the  original  data  contained  in  the  various  papers.  Thus,  in 
the  case  of  Lord  Rayleigh's  Table  2,  we  have  computed  the  per- 
centage loss  in  weight  of  the  deposit  for  all  deposits  made  from 
silver  nitrate  not  contaminated  with  acetate.  For  Richards  and 
Anderegg's  work  we  have  included  all  the  results  given  in  their 
Table  3  and  have  averaged  them  together. 

TABLE  7 

Summary  of  Results  Obtained  by  Heating  the  Silver  Deposits  in  the  Platinum  Cups 

to  Expel  Inclusions 


Year 

Observers 

Extreme  values 

Range 

Mean 
result 

Obser- 
vations 

References 

Mini- 
mum 

Maxi- 
mum 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

1884 

Rayleigh  and  Sedgwick.. 

0.000 

-0.  030 

0.030 

0.010 

24 

Phil.  Trans.  A.,  175, 
p.  438. 

1902 

Richards  and  Heimrod. . 

-  .003 

-  .030 

.027 

.018 

12 

Zs.  f.  Phys.  Chem., 
41,  p.  323. 

1906 

VanDijk 

+  .009 

—  .006 

.015 

.000 

7 

Ann.  d.  Phys.,  19,  p. 

266. 

1908 

Jaeger   and   von  Stein- 
wehr. 

+  .002 

-  .005 

.007 

.0008 

18 

Zs.  f.  Instrk.,  35,  p. 
226. 

1912 

Boltzmann 

+  . 0026 

-  .0087 

.0113 

.0023 

19 

Sitzber.Akad.Wiss., 

Wien,  121,  p.  1062. 

1915 

Richards  and  Anderegg. . 

-  .  0039 

-  .0352 

.0313 

.0142 

27 

J.  Am,  Chem.  Soc, 
37,  p.  16. 

1915 

Vina!  and  Bovard 

+  .0002 

-  .0079 

.0081 

.0040 

25 

This  paper. 

It  is  readily  seen  from  Table  7  that  the  results  classify  them- 
selves in  two  groups.  On  the  one  hand,  we  have  Lord  Rayleigh 
and  Mrs.  Sedgwick,  Richards  and  Heimrod,  and  Richards  and 
Anderegg;  on  the  other  hand,  we  have  Van  Dijk,  Jaeger  and  von 
Steinwehr,  Boltzmann,  and  the  present  authors.  So  far  as  Lord 
Rayleigh  and  Mrs.  Sedgwick  are  concerned,  it  must  be  remembered 


13  Loc.  cit.,  p.  18. 
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that  they  were  working  with  the  filter  paper  voltameter,  and  there- 
fore their  electrolyte  was  impure,  which  we  think  will  account  for 
a  high  value  for  the  inclusions.  Whether  we  include  their  results 
or  not,  the  fact  remains  that  Richards  and  his  coworkers  stand 
alone  in  finding  the  largest  inclusions  and  in  having  the  largest 
variation  between  their  extreme  values.  The  most  consistent  re- 
sults— that  is,  those  having  the  smallest  difference  between  the 
extreme  values — are  the  results  of  Jaeger  and  von  Steinwehr. 
These  are  closely  followed  by  the  results  of  the  present  paper  and 
by  the  results  of  Boltzmann  and  Van  Dijk.  If  we  group  these  four 
series  together,  we  have  69  fairly  consistent  determinations  of  the 
inclusions  of  which  the  mean  is  0.0023  per  cent,  weighting  each  of 
the  four  results  according  to  the  number  of  observations  on  which 
it  is  based.  Richards's  39  observations,  on  the  contrary,  give  a 
mean  result  of  o.oi  54  per  cent,  or  nearly  seven  times  larger  than  the 
mean  of  the  other  observers.  Just  how  much  effect  the  platinum 
black  has  had  in  the  results  of  these  previous  observers  we.  shall  not 
attempt  to  say,  but  it  is  evident  that  in  the  case  of  Van  Dijk,  Jaeger 
and  von  Steinwehr,  and  Boltzmann  it  was  very  small.  The  last 
named  mentions  glowing  the  cup  each  time  before  making  a  deposit, 
and  this  would  nullify  the  effect  of  the  platinum  black  so  far  as  de- 
termining the  inclusions  is  concerned,  as  we  have  shown. 

The  voltameters  used  in  the  researches  that  showed  very  small 
inclusions  have  varied  greatly  in  size.  The  smallest  cup  was  Van 
Dijk's,  which  held  only  30  cc,  and  the  largest  were  our  own,  some 
of  which  held  over  300  cc. 

Smith  Mather  and  Lowry  heated  a  few  deposits,  but  not  to  as 
high  a  temperature  as  in  the  case  of  the  results  recorded  in  Table  7 ; 
they  are  therefore  not  mentioned  in  this  connection.  This  is  also 
the  case  with  a  few  other  observers  w^hose  methods  have  differed 
in  principle  from  the  methods  of  this  paper. 

6.  THE  VALUE  OF  THE  FARADAY 

The  Bureau  ^*  published  some  years  ago  a  value  for  the  absolute 
electrochemical  equivalent  of  silver  which  was  obtained  by  the 
same  silver  voltameters  used  in  the  present  work  and  an  absolute 
current  balance.  This  value  was  1.11804  mg  per  coulomb.  Sub- 
sequently this  was  revised  ^^  to  1.11805  mg  per  coulomb.     Which- 

14  This  Bulletin,  8,  p.  367  (Reprint  No.  171).  ^^  Xhis  Bulletin,  10,  p.  477  (Reprint  No.  220). 
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ever  of  these  values  is  taken,  if  we  apply  as  a  correction  the  esti- 
mated inclusions  as  found  in  the  preceding  section  it  appears  that 
I.I  1800  mg  per  coulomb  which  was  adopted  by  the  London 
Electrical  Congress  of  1908  as  the  value  for  the  electrochemical 
equivalent  is  in  reality  the  closest  figure  that  we  can  assign  to  this 
constant,  and  seems  to  be  correct  to  within  a  few  parts  in  one  hun- 
dred thousand.  We  do  not  know  the  value  for  the  atomic  Vv^eight 
of  silver  with  this  degree  of  accuracy.  It  is  only  expressed  to 
five  significant  figures,  but  taking  the  present  international  value 
107.88  w^e  find  the  value  of  the  Faraday  to  be 

96  494 

In  a  recent  paper  by  Vinal  and  Bates  ^^  the  value  of  96  500  is 
recommended  for  general  use,  and  this  recommendation  still  holds 
good.  The  correction  for  inclusions  found  in  the  present  paper 
will  account  for  only  4  out  of  21  parts  in  100  000  difference  between 
the  results  of  the  silver  and  iodine  voltameters  of  their  work. 
Additional  experiments  are  now  being  made  in  the  Princeton  labor- 
atory in  which  some  of  the  deposits  obtained  during  the  present 
investigation  will  be  analyzed.  After  these  results  have  been  ob- 
tained a  more  extensive  discussion  of  the  Faraday  will  be  given. 

7.  ADDITIONAL  EXPERIMENTS  ON  THE  DEPOSITS 

Successive  Heatings  of  the  Deposits. — It  will  be  noted  in  Table  6 
that  some  of  the  deposits  were  heated  more  than  once.  This  was 
to  determine  how  completely  the  inclusions  are  expelled  by  one 
heating.  Our  experiments  showed  that  about  90  per  cent  of  the 
total  loss  in  weight  occurs  the  first  time  that  they  are  heated. ^^ 
The  second  and  third  heatings  show  small  changes  which  are 
sometimes  slight  gains  in  weight  instead  of  losses. 

Effect  of  Heating  Deposits  to  an  Abnormally  High  Temperature. — 

Two  deposits  were  heated  by  a  flame  to  a  temperature  estimated 

at  700°  C  after  being  heated  to  dull  redness.     The  resulting  loss  in 

weight  was  observed : 

Percentage  of  deposit 

o.  0017 

.  0006 


Mean 


16  This  Bulletin,  10,  p.  449  (Reprint  No.  218).      i^  Boltzmann  (loc.  cit.)  also  obtained  a  similar  result. 
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One  deposit  was  heated  in  the  furnace  to  675°  after  having  been 
twice  heated  to  625°;  the  result  was  an  apparent  gain  in  weight  of 
0.00 1 1  per  cent. 

Effect  of  Prolonged  Heating  of  the  Deposit. — When  the  deposits 
are  heated  with  the  Bunsen  burner  the  time  that  the  deposit  is  at 
a  high  temperature  is  very  brief,  but  in  the  case  of  the  furnace  the 
cup  and  deposit  are  over  600°  for  at  least  seven  minutes.  The 
agreement  of  these  two  methods  of  heating  shows  that  the  time 
is  not  significant,  but  as  a  further  test  we  baked  a  deposit  for  the 
second  time  in  the  furnace  for  one-half  hour  at  625°  and  found  the 
loss  in  weight  to  be  only  0.0004  per  cent. 

It  is  forttmate  that  the  time  for  heating  can  be  made  so  short 
because  the  trouble  with  the  alloy  of  silver  and  platinum  is  much 
lessened. 

Heating  the  Deposit  After  Removal  from  Cathode. — Two  samples 
A  and  B,  of  silver  deposits  from  pure  electrolytes  were  removed 
from  the  silver  cathodes  as  described  on  page  151.  These  were 
dried  at  160°  in  a  small  platinum  dish  previously  washed,  dried, 
and  glowed.  After  weighing  they  were  heated  in  the  same  plati- 
num dish  to  dull  redness  with  a  Bimsen  burner.  We  give  in  Table 
8  these  two  values,  together  with  the  values  obtained  by  heating 
the  deposits  on  platinum  of  the  same  rim  according  to  the  method 
described  by  Richards  or  in  the  furnace.  Two  deposits  of  the  run 
of  July  9  which  are  given  in  Table  6  are  omitted  here  because  the 
platinum  cups  were  not  previously  glowed,  and  two  deposits  also 
on  June  24  made  with  a  different  electrolyte. 


TABLE  8 
Estimations  of  Inclusions  in  Silver  Scraped  from  the  Cathode 


Date 

Sample 

Loss  in 
weight 

Cup 

Loss  in 
weight 

Mean 

Difference, 

sample 
minus  cup 

1915 
June  24          

A 
B 

Per  cent 
0.  0045 

0008 

92 
27 
95 
92 
27 
28 

Per  cent 
0.  0029 
.0047 

(+).0002 
.0003 
.0011 
.0007 

Per  cent 
0.  0038 

Per  cent 

+0. 0007 

Tulv9                               

.0005 

+0. 0003 
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The  agreement  of  these  two  results  is  better  than  was  to  be 
expected. 

The  Inclusions  Between  the  Crystals  and  the  Surface  of  the  Cup. — 
Richards  and  Anderegg  ^^  note  that  platinum  cups  with  rough 
interior  surfaces  considerably  increase  the  inclusions.  It  therefore 
seemed  worth  while  to  examine  this  point  closely  because  of  the 
excellent  agreement  of  results  obtained  by  Hulett  and  Vinal/^ 
although  one  used  platinum  cups  with  rough  interior  surfaces  and 
the  other  smooth  surfaces.  In  the  present  work  cups  I  and  II  had 
rough  interior  surfaces  and  27  and  28  became  roughened  after  clean- 
ing with  the  aqua  regia,  so  we  may  readily  classify  the  results  given 
in  Table  6  according  to  the  character  of  the  interior  surface  of  the 
cup.     This  is  done  in  Table  9. 

TABLE  9 
Comparison  of  Inclusions  in  Voltameters  with  Rough  and  Smooth  Surfaces 


Smooth  sur- 
faces (per 

cent  loss  in 
weight  on 
heating) 

Rough  sur- 
faces (per 

cent  loss  in 
weight  on 
heating) 

Per  cent 

Per  cent 

0.  0032 

0.  0040 

45 

28 

55 

73 

75 

58 

41 

57 

29 

26 

47 

39 

64 

14 

+02 

57 

03 

54 

11 

07 

37 

27 

79 

.0044 

Mean  .  0037 

The  difference  is  thus  only  0.0007  P^i"  cent,  which  is  within  the 
experimental  error,  and  therefore  we  may  say  that  the  inclu- 


"lyoc.  dt.  p.  16. 
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sions  on  smooth  and  rough  surfaces  are,  so  far  as  our  experiments 
go,  the  same.^^ 

As  to  the  magnitude  of  the  inclusions  between  the  crystals 
and  cup  we  were  enabled  to  form  an  estimate  using  the  silver  cups 
in  which  the  silver  can  be  so  easily  scraped  from  the  cathode 
while  the  cup  is  filled  with  conductivity  water. 

The  general  procedure  was  to  wash  these  deposits  until  further 
washing  produced  no  change  in  the  conductivity  of  the  water 
used.  Then  a  platinum  cup  similar  to  the  cups  in  use  was  filled 
after  washing  with  the  same  conductivity  water  and  stood  beside 
the  cup  under  test.  A  large  glass  plate  was  interposed  between 
the  observer  and  the  cups  while  the  silver  was  scraped  down  so 
that  during  the  three  to  five  minutes  required  the  breath  of  the 
observer  might  not  contaminate  the  water  in  the  cups.  As  soon 
as  the  scraping  was  complete  the  conductivity  of  the  water  in  the 
cup  under  test,  and  the  blank  also,  were  immediately  measured 
in  a  conductivity  cell  of  the  pipette  form.^^  The  net  result  foimd 
represents  the  increase  due  to  the  silver  nitrate  liberated  by  scrap- 
ing the  silver,  and  also  all  other  causes  of  increase  of  conduc- 
tivity, except  the  effect  of  temperature,  which  was  under  control. 
Consequently  the  values  found  are  maximum  values  and  the 
silver  nitrate  calculated  from  the  increase  in  conductivity  is 
probably  too  large.  In  the  first  experiment  the  value  foimd  is 
considerably  larger  than  in  the  others.  This  is  probably  due  to 
imperfect  technique  before  we  learned  the  best  way  of  doing  the 
experiment.     The  results  are  given  in  Table  10. 


TABLE  10 

Inclusions  Between  Crystals  and  Cup 


Date 

Cup 

Equivalent  AgNGs  for  increase  in 
conductivity 

August  9       ... 

1915 

VI 
V 

V 
VI 

mg 
0. 04  (omitted  from  mean). 

.01 
.  0052 

August  18                

.0078 

.  0076  0  0.0002  per  cent  of  the  deposit. 

*"  Compare,  Jaeger  and  von  Steinwehr,  Zs.  f.  Instrk.,  35,  p.  233;  1915. 

21  This  was  the  same  cell  used  by  Hulett  and  Vinal,  This  Bulletin,  11,  p,  558  (Reprint  No.  240). 
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The  amount  of  silver  nitrate  trapped  behind  the  crystals  is 
therefore  very  small,  and  consequently  it  is  not  surprising  that 
Table  8  shows  so  close  an  agreement  between  the  inclusions 
determined  for  the  silver  removed  from  the  cathode  and  other- 
wise. 

Inclusions  in  Silver  Deposits  from  Less  Pure  Electrolyte. — In  two 
experiments  we  used  electrolyte  manifestly  less  pure  than  in  the 
other  experiments.  For  one  of  these  we  purposely  added  filter 
paper  to  the  electrolyte  and  in  the  other  the  impurity  manifested 
itself  by  a  considerable  volume  effect,  which,  being  larger  than 
the  average  experimental  error,  we  regard  as  evidence  of  impurity. 
These  results  are  given  in  Table  11. 

TABLE  11 
Estimated  Inclusions  by  Heating  the  Cups  with  Deposits  from  Impure  Electrolytes 


Per- 

Date 

Cup 

centage 
loss  in 

weight 

Remarks 

1915 

July  2 

95 

0.  0067 

Filter  paper  put  in  electrolyte. 
Do. 

92 

.0118 

* 

27 

.0071 

Do. 

28 

.0097 

Do. 

July  28 

95 

.0106 

Volume  effect  of  7  in  100  000. 

92 

.0102 

Do. 

27 

.0118 

Do. 

28 

.0095 

Do. 

I 

.0102 

Do. 

II 

.0093 

Do. 

Mean 

.0097 

The  inclusions,  therefore,  appear  to  be  more  than  twice  what 
was  found  in  the  case  of  pure  electrolyte.  This  is  in  accord  vvdth 
the  view  expressed  by  the  Bureau  ^^  several  years  ago  that  the 
presence  of  impurities  of  a  colloidal  nature  which  break  up  the 
crystalline  structure  of  the  silver  will  increase  the  inclusions  in 
the  deposited  silver. 

The  Volume  Effect. — Richards  and  Anderegg,^^  explaining  the 
volume  effect,  attribute  it  to  a  surface  effect  and  claim  the  inclu- 
sion to  be  greater  in  the  larger  cups,  so  that  when  both  large  and 


22  This  Bulletin,  10,  p.  517  (Reprint  No.  220). 


23  Loc.  cit.,  p.  16. 
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small  cups  are  heated  the  resultant  deposits  are  in  agreement. 
We  have  examined  all  our  experiments  with  this  point  in  view,  and 
we  give  in  Table  1 2  an  analysis  of  all  those  in  which  a  comparison 
of  our  large  and  small  cups  (No.  92  and  No.  95  large  size,  No.  27 
and  No.  28  small  size)  was  made  with  subsequent  heating,  except 
for  the  experiment  of  July  20,  in  which,  as  we  stated  on  page  159, 
the  results  with  the  small  cups  were  anomalous.  This  table 
includes  the  results  of  deposits  from  pure  solutions  in  which  the 
volume  effect  was  very  small  or  absent  altogether  and  also  the 
results  of  deposits  from  impure  solutions  in  which  the  volume  effect 
is  large.  The  table  shows  that  heating  the  deposits  to  expel  the 
inclusions  did  not  make  the  difference  between  large  and  small 
deposits  any  less,  ^*  as  Richards 's  theory  would  call  for,  but,  on  the 
other  hand,  the  difference  became  a  trifle  larger,  on  the  average 
0.03  mg  for  each  comparison,  which  is  perhaps  as  good  agreement 
as  could  be  expected.  Richards's  results  could,  however,  be 
explained  on  his  theory  by  the  assumption  that  the  platinum 
black  from  previous  heatings  was  not  entirely  eliminated  before 
making  the  deposit.  In  such  a  case  for  two  cups  equally  alloyed 
the  amount  of  platinum  black  would  be  proportional  to  the  surface 
of  the  cup.  This,  even  with  pure  electrolyte,  would  probably 
show  an  apparently  heavy  deposit  in  the  large  cup,  as  our  results 
on  page  158  indicate,  and  this  cup  would  also  lose  the  most  on 
heating  to  a  high  temperature,  hence  the  two  deposits  would 
appear  to  draw  together.  The  results  of  Table  12  emphasize  the 
previous  viewpoint  of  the  Bureau  that  the  purity  of  the  salt  used 
for  the  electrolyte  is  the  determining  factor  in  the  volume  effect. 

2<  Examining  the  results  of  Lord  Rayleigh  and  Mrs.  Sedgwick,  v/e  find  the  same  thing.  Their  large  cup 
deposits  lost  0.013  per  cent  and  their  small  cup  deposits  lost  0.009  per  cent.  The  difference  between  these 
results  is  well  within  their  experimental  error. 
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TABLE  12 
Analysis  of  Deposits  with  Reference  to  the  Volume  Effect 


Date 


1915 


June  14. 
June  16. 
June  24. 


July  2. 


July  9. 


July  28. 


Total  A's. 


Size 


Large . 
Small. 
Large . 
Small. 
Large . 
Small. 
Large . 
Small . 
Large . 

Small . 
Large . 
Small . 
Large . 
Small. 
Large . 
Small. 
Large . 
Small. 
Large. 
Small . 


Deposit 
before 
heating 


mg 

4095.  69 
4095.57 
3975. 84 
3975.  63 
4375. 07 
4375. 00 
4375. 25 
4375. 10 
4221.87 

4220. 
4222. 
4220.93 
4180. 13 
4180. 13 
4180.09 
4180. 13 
4339.94 
4339. 66 
4339. 84 
4339. 50 


A 
Large- 
small 


mg 
+0.12 

+  .21 

+  .07 

+  .15 

+  .97 

+1.53 
±  .00 
-  .04 
+  .28 
+  .34 


+3.63 


Deposit 

alter 
heating 


mg 
4095. 
4095. 
3975. 
3975. 
4374. 
4374. 
4375. 
4374. 
4221. 

4220. 
4221. 
4220. 
4180. 
4180. 
4180. 
4180. 
4339. 
4339. 
4339. 
4339. 


A 
Large- 
small 


Remarks 


mg 
+0.17 

■+  .29 

■+  .14 

.+  .25 

.+  .99 

■+1.46 
■+  .06 
—  .02 
■+  .33 
►+  .31 


+3.< 


{Silver  nitrate  as  purchased 
Do. 
i Filter    paper    in    electrolyte.    Note 
volume  eSect 
Do. 
Do. 
Do. 


8.  EXPERIMENTS  ON  THE  ANODE  LIQUID 

Many  lines  of  evidence  led  the  Bureau  to  the  conclusion  stated  in 
its  Part  ^^  I  of  the  recent  voltameter  papers  that  the  effects  of  the 
supposed  anomalous  substance  formed  at  the  anode  during 
electrolysis  were  in  reality  due  to  impurities  present  in  the  solution, 
as,  for  example,  filter  paper.  The  Bureau  has  not  found  it  neces- 
sary to  change  this  view,  but  in  the  present  work  we  have  tried  two 
further  experiments  on  the  anode  liquid. 

The  first  experiment  was  suggested  to  us  by  the  remark  of 
Richards  and  Anderegg  ^^  that  the  reason  most  observers  had 
failed  to  find  this  peculiar  compound  in  the  anode  liquid  is  because 
they  delayed  testing  for  it  until  the  compound  had  become  oxidized 


25  This  Bulletin,  9,  p.  151  (Reprint  No.  194). 


w  J.  Am.  Chem.  Soc,  37,  p.  686:  1915. 
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and  vanished.  Accordingly,  we  drew  four  10  cc  samples  of  the 
dense  anode  liquid  (17  per  cent,  the  original  electrolyte  was  10 
per  cent)  from  inside  the  porous  cups  of  the  voltameters  of  August 
180  The  electrolyte  of  this  experiment  was  quite  piu-e  as  judged 
by  the  permanganate,  acidity,  and  volume  effect  tests.  The  four 
samples  of  anode  liquid  were  taken  within  one  minute  after  the 
electrical  circuit  was  broken.  Each  was  put  in  a  stoppered  glass 
tube  and  acidified,  then  i  cc  of  N/iooo  KMnO^  was  added  to  each 
tube  and  all  shaken  to  mix  the  contents.  The  whole  operation 
consumed  less  than  five  minutes.  The  times  required  for  the 
permanganate  color  to  fade  were  noted.     They  were 

42  minutes 
52  minutes 
70  minutes 
70  minutes 

mean,  59  minutes 

We  do  not  think  that  our  anode  liquid  contained  the  oxidizable 
compoimd  spoken  of  by  Richards,  else  the  color  of  so  small  a 
quantity  as  i  cc  of  N/iooo  KMn04  would  hardly  be  expected  to 
last  for  an  hour. 

Our  second  experiment  on  the  anode  liquid  was  suggested  by 
the  use  of  the  altmdum  porous  cups  in  an  experiment  described 
by  Richards  and  Anderegg.^^  They  used  the  porcelain  porous 
cup  to  hold  back  the  anode  compound  and  the  very  porous 
alundum  cup  to  let  it  through.  We  thought  that  a  slightly 
different  arrangement  of  the  porcelain  and  alundum  cups  would 
perhaps  throw  more  direct  light  on  the  matter.  A  previous 
experiment  showed  that  our  alundum  cups  permitted  water  to 
pass  through  the  pores  about  60  times  as  fast  as  it  passed  through 
otir  porcelain  (Pukal)  porous  cups. 

We  arranged  three  voltameters.  One  was  a  normal  voltameter 
with  the  ordinary  porous  cup,  the  second  was  similar  to  the  first 
except  that  an  alimdum  porous  cup  was  used  in  place  of  the 
porcelain  porous  cup.  The  third  had  a  porcelain  porous  cup 
fitting  snugly  inside  of  an  alimdum  porous  cup.  The  alundum 
and  porcelain  cups  were  all  prepared  similarly  and  as  described 

27  J.  Am.  Chem.  Soc,  37,  p.  685;  1915. 
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by  the  Bureau. ^^     According  to  the  theory  of  Richards  the  first 

and  third  vohameters  should  agree  and  both  give  lighter  deposits 

than  the  second;  but,  on  the  other  hand,  if  the  heavy  anode 

compound  with  excess  silver  is  nonexistent  then  the  second  and 

third  should  agree,  and  if  these  deposits  are  heavier  than  that  in 

the  first  it  would  show  that  the  alundum  cups  are  responsible  for 

introducing   impurities   into   the   solution.     The   results   of  this 

experiment  were  as  follows: 

mg 

The  first  (normal  voltameter) 4327-  08 

The  second  (alundum  cup) 4327-  38 

The  third  (alundum  cup  with  porcelain  porous  cup  inside) 4327.  44 

These  results,  therefore,  tend  to  confirm  the  previous  views  of 
the  Bureau  that  the  anode  reactions  produce  no  effect  whatever  in 
the  quantitative  measurements  ^^  of  the  silver  deposited. 

This  work  has  been  done  at  the  Bureau  of  Standards  imder  the 
direction  of  Dr.  E.  B.  Rosa.  We  have  also  been  fortunate  in 
having  the  help  of  Prof.  G.  A.  Hulett.  The  investigation  is  being 
continued  under  the  direction  of  Prof.  Hulett  by  one  of  the  present 
authors  (Bovard)  in  the  Princeton  laboratory. 

9.  SUMMARY 

1 .  We  have  heated  a  number  of  silver  deposits  to  temperatures 
slightly  above  600°,  both  with  a  flame  and  in  an  electric  furnace, 
and  have  found  the  losses  in  weight  to  indicate  inclusions  of  foreign 
matter  in  the  deposits  to  be  0.0040  per  cent  on  the  average  for 
pure  electrolyte  and  higher  for  impure  electrolytes. 

2.  We  have  found  that  such  heating  of  the  deposits  produces 
an  alloy  of  silver  and  platinum,  which  on  dissolving  out  the  silver 
leaves  a  layer  of  platinum  black  that  may  lead  to  serious  errors 
the  next  time  the  cup  is  used  if  proper  precautions  are  not  taken. 

3.  We  are  led  to  conclude  that  the  most  accurate  absolute 
value  for  the  electrochemical  equivalent  of  silver  is  1.11800  mg 
per  coulomb,  and  therefore  the  value  of  the  Faraday  becomes 
96  494  coulombs,  but  for  general  purposes  96  500  as  a  round 
number  is  recommended. 

28  This  Bulletin,  9,  p.  185  (Reprint  No.  194). 

29  Boltzmann  (loc.  cit.)  made  experiments  on  the  anode  liquid  and  also  found  it  without  effect  on  the 
deposited  silver. 
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4.  Inclusions  in  silver  deposits  made  on  smooth  platinum  sur- 
faces are  the  same  to  within  the  experimental  error  as  when 
deposits  are  made  on  matte  surfaces. 

5.  Inclusions  between  the  crystals  and  cup  have  been  measured 
by  an  application  of  the  conductivity  method  and  are  found  to  be 
a  neglible  part  of  the  total  inclusions,  which  with  pure  solutions 
were  about  four  parts  in  a  hundred  thousand. 

6.  In  cases  where  the  deposit  in  large  cups  exceeds  that  in 
small  cups  (that  is,  where  the  ''volume  effect"  is  appreciable) 
we  do  not  find  that  strong  heating  of  the  deposits  diminishes  the 
difference. 

7.  Two  experiments  on  the  anode  liquid  support  the  Bureau's 
previous  conclusions  as  to  the  nonexistence  of  the  heavy  anode 
ion. 

Washington,  October  20,  191 5. 


